1. Introduction {#sec1}
===============

Pulmonary alveolar proteinosis (PAP) is a rare lung disease, first described as a distinct clinical entity in 1958 \[[@bib1]\]. Its incidence is estimated to be 0.2--0.4 cases per million \[[@bib2], [@bib3], [@bib4]\], with a male predisposition (2:1 to 3:1, male:female) \[[@bib2],[@bib5]\]. Approximately 72% of patients are active smokers \[[@bib2]\]. PAP is a surfactant-like disease characterized by intra-alveolar abnormal accumulation of surfactant. The complex surfactant homeostasis is disturbed in PAP \[[@bib2],[@bib6],[@bib7]\], which can occur through different mechanisms, namely disruption of granulocyte-macrophage colony stimulating factor (GM-CSF) signaling (primary PAP), alveolar macrophages dysfunction (secondary PAP) or surfactant production disorders (congenital PAP) \[[@bib3],[@bib5],[@bib8],[@bib9]\].

Autoimmune (aPAP) and secondary PAP (sPAP), occur typically in adulthood \[[@bib3],[@bib5]\] and have similar clinical presentation \[[@bib3]\]. Congenital PAP occurs in neonatal period causing acute respiratory distress (discussed somewhere else). The majority of cases are aPAP (approximately 90%) compared to sPAP which are only present in 4% of the cases \[[@bib7],[@bib10]\]. The aPAP patients are slightly older, at the time of diagnosis, when compared to sPAP (between 39 and 51 years instead of 37--45 years, respectively) \[[@bib11]\]. An aPAP is mediated by the formation of immunoglobulin G (IgG) auto-antibodies that block GM-CSF \[[@bib12]\], whilst sPAP is associated with the presence of other conditions or co-morbidities, like infection, toxic inhalation, malignancy and immunodeficiency, without the formation of GM-CSF auto-antibodies \[[@bib3],[@bib8],[@bib9]\].

Patients usually present a progressive exertional dyspnea of insidious onset associated with cough, tiredness, malaise or low grade fever. Hypoxemic respiratory failure is the major clinical finding \[[@bib3]\], secondary to a right to left shunting effect of blood from an intact pulmonary capillary bed perfusing through poorly ventilated alveoli \[[@bib13]\]. Unrecognizing this condition, especially if extensive disease is present, leads to progressive refractory hypoxemia and development of acute respiratory distress. Physical examination is usually normal with unspecific inspiratory crackles at pulmonary auscultation \[[@bib2],[@bib5],[@bib13]\]. Differential diagnosis can be broad, like opportunistic diseases (e.g. pneumocystosis), pulmonary oedema, exogenous lipoid pneumonia, acute eosinophilic pneumonia, acute interstitial pneumonia, sarcoidosis, alveolar haemorrhage, invasive lepidic mucinous adenocarcinoma and drug-induced lung diseases. High-resolution computed tomography (HRCT) scan can be a helpful tool \[[@bib14]\], showing ground-glass opacities combined with thickened polygonal septal lines and intralobular reticulations, predominantly in the lower lobes \[[@bib15],[@bib16]\], resembling a cobblestone appearance, also known as a "crazy paving" pattern. This pattern is typical in PAP but unspecific and therefore not pathognomonic \[[@bib14],[@bib16]\]. More rarely, PAP can also present an interstitial, focal, nodular or even fibrotic pattern \[[@bib5],[@bib14]\]. BAL is useful to identify the presence of PAP \[[@bib3],[@bib17],[@bib18]\].

2. Case presentation {#sec2}
====================

We report a case of a 39-year-old Caucasian male with a 30 pack-year cigarette smoker, who denies other types of smoking. He has no relevant medical history and does not take any medication. He works as a maintenance worker, exposed to paints, sprays and cement dust. He has two cats at home. No medication allergies are known or other type of allergies.

Since November 2019 he started to complain of dyspnea, on exertion only (mMRC 1 -- modified Medical Research Council *\[Dyspnea Scale\]*). Three months later he started to refer progressive worsening of dyspnea (mMRC 3--4) associated with flu-like symptoms (dry cough and malaise). He denied having fever, night sweats or chills, hemoptysis, weight loss, anorexia, rashes, arthralgias or myalgias, recent travelling or injuries or sick contacts. He was first observed by his general practitioner and did a chest X-ray that revealed a diffuse bilateral heterogeneous alveolar infiltrate in the lower and middle lobes. He was started on antibiotic -- amoxicillin 500mg -- without any clinical improvements, which lead him to the emergency department. On physical examination, he presented dyspnea at rest and hypoxemic respiratory failure, with the following vital signs: blood pressure 153/83 mmHg, pulse rate 84 beats/min and oxygen saturation of 79% in room air. Arterial blood gas on room air revealed severe hypoxemia (paO~2~ 44.4 mmHg; paCO~2~ 36 mmHg; pH 7.410; HCO~3~ ^−^ 22.3mmol/L -- PaO2/FiO~2~ 210). Cardiac, vascular, and abdominal examinations were all unremarkable. A HRCT scan was obtained and showed an irregular cobblestone pattern associated with ground-glass opacities with an anterior-posterior gradient, with superimposed intra and interlobular septal thickening ([Fig. 1](#fig1){ref-type="fig"} ).Fig. 1HRCT scan demonstrating combination of ground-glass opacities with thickened polygonal septal lines and intralobular reticulations compatible with a cobblestone appearance -- "crazy paving" pattern.Fig. 1

He started high-flow nasal cannula (HFNC) remaining with peripheral oxygen saturation \>94%. Amoxicillin plus clavulanic acid (1.2gr) and pulses of methylprednisolone (1gr/day) were started. Pulmonary hypertension was excluded with an echocardiogram. Flexible bronchoscopy with bronchoalveolar lavage (BAL) was performed. No endobronchial abnormalities were viewed and a milky lavage liquid was obtained. BAL cytology was normal and all microbiology testing was negative with an exception for Human Coronavirus NL63 (HCNL63). Serum findings were polycitemia (Hb 18g/dL), an elevated lactate dehydrogenase (LDH) (462 U/L) and a slightly elevated total IgE (215 U/ml). Additional blood and BAL analysis were performed which are resumed in [Table 1](#tbl1){ref-type="table"} . Histopathological testing from BAL was compatible with PAP. Antibiotic was suspended. He presented acne as a side effect from corticosteroids, which were also stopped. He remained without fever or any analytic markers of infection (protein C-reactive and procalcitonin were negative). After the diagnosis a whole lung lavage (WLL) was performed, with moderate tolerance but with some clinical improvement, after two lung lavages in two separate days. Re-evaluation through HRCT scan showed some radiologic improvement.Table 1Laboratory results.Table 1Serum and BAL analysesRelevant resultsKidney function, hepatic function, thyroid function, cardiac enzymes and NT-proBNP, D-dimer testNormalAutoimmunity, ACE, SV, Serum protein electrophoresisNegativeHIV type 1 and 2, Parainfluenza virus type 1, 2 and 3, Influenza virus type A and B, IgM and IgG Mycoplasm, Legionella, Adenovirus, Metapneumovirus, Rhinovirus, Coronavirus type OC43, 229E and HKU1, Enterovirus, Human bocavírus, HBV, HCV, HAVNegativeMycobacterium tuberculosis and non-tuberculosis, Syphilis, Nocardia, Pneumocystis jirovecci, RhodococcusNegativeImmunophenotyping of BALRatio CD4/CD8 2.66Galactomannan antigenNegative[^1]

3. Discussion {#sec3}
=============

Diagnosing PAP is challenging. Clinical history and demographic features of our patient combined with lifestyle behaviors (active smoker), occupational exposure and the presence of a "crazy paving" pattern in HRCT scan -- [Fig. 1](#fig1){ref-type="fig"} -- enhanced the suspicion for a PAP diagnosis \[[@bib6],[@bib19]\]. However, exclusion of other diseases was needed in order to consider PAP\'s diagnosis. For that, serological and microbiology testing, in the serum and in the BAL, were performed. Some serological markers such as an elevated LDH, which is observed in 80% of PAP patients, and polycythemia, were present although these are unspecific \[[@bib20]\]. Macroscopically, BAL had a milky appearance -- [Fig. 2](#fig2){ref-type="fig"} -- which is typical in PAP patients. Histopathological examination showed noncellular, homogeneous, globular structures (basophilic stain) and lipoproteinaceous material staining positive for both May-Grünwald-Giemsa stain and Periodic acid-Schiff (PAS) stain \[[@bib3],[@bib6],[@bib9],[@bib21]\] -- [Fig. 3](#fig3){ref-type="fig"} a and 3b. These results are compatible with the filling of alveoli with noncellular, finely granular and eosinophilic material which represents lipoproteinaceous alveolar accumulation \[[@bib9]\]. *Pneumocystis jirovecci* pneumonia and pulmonary oedema were both excluded as they stained negative for PAS. Pulmonary oedema lacks the coarse granules seen in PAP thru PAS staining; Grocott-Gomori methenamine silver staining was negative for *Pneumocystis jirovecci* \[[@bib22]\]. Other infectious were excluded ([Table 1](#tbl1){ref-type="table"}), with the only exception for HCNL63. Histopathological findings from BAL made the final diagnosis of PAP \[[@bib3],[@bib17],[@bib18]\].Fig. 2Milky appearance of the bronchoalveolar lavage fluid acquired during first WLL -- tubes ordered from the beginning of procedure (no. 1) to the end (no. 8), demonstrating that the milky fluid is becoming lighter as the lipoproteinaceos material is being washed out from the lungs during the procedure.Fig. 2Fig. 3a Bronchoalveolar lavage filled with globular, homogeneous, eosinophilic proteinaceous material (arrow) (Thin prep, May-Grünwald-Giemsa stain). b The proteinaceous material, from bronchoalveolar lavage, stained positive with PAS, consistent with Pulmonary Alveolar Proteinosis (PAS histochemical stain).Fig. 3

Further investigations were performed to determine the nature of PAP. Immunodeficiencies, hematologic disorders or major toxic disorders were not detected. High titers of auto-antibodies (IgG) against GM-CSF were detected in the serum of our patient, when compared to positive controls (in serial dilutions - 1/50; 1/250; 1/1000), reported to us by an outside laboratory (INSERM UMR 1163, see acknowledgments).

Upon these results we consider to be in the presence of aPAP \[[@bib7],[@bib12]\] that was triggered by cement dust and paints exposure. As previously reported, occupational exposures are important risk factors for development of autoimmune diseases \[[@bib23]\]. Some cohort PAP studies have reported positive GM-CSF auto-antibodies from toxic inhalation \[[@bib4],[@bib24],[@bib25]\] suggesting that an unknown autoimmune disease could be triggered by it, like an aPAP \[[@bib25],[@bib26]\]. The true understanding of the role of occupational exposure in aPAP remains to be elucidated, but occupational agents can act as adjuvants, or induce apoptosis of cells resulting in increased exposure to sequestered auto-antigens, leading to immune system reactivity in the form of auto-antibodies, in this case thru formation of GM-CSF auto-antibodies \[[@bib23],[@bib25]\], thus promoting lung injury. Also gene-environment interactions including the presence of gene polymorphisms may play a critical role \[[@bib25]\].

Viruses are usually frequent complications in PAP \[[@bib2]\]. HCNL63 is mainly responsible for mild respiratory symptoms in healthy individuals \[[@bib27]\], but in immunocompromised patients it can lead to serious respiratory distress. The presence of HCNL63 has likely contributed to further promote a significant clinical deterioration in our patient. As previously recognized, GM-CSF acts as part of signaling pathways in innate and adaptive immune response, being particularly important for differential maturation and function of alveolar macrophages in the lungs and basal functional capacity of neutrophils \[[@bib12]\]. Therefore, very high levels of GM-CSF auto-antibodies, like in aPAP, dramatically reduce GM-CSF bioactivity, thereby diminishing GM-CSF activation of myeloid cell functions \[[@bib12]\], which are important for antiviral responses and viral clearance \[[@bib28]\]. Opportunistic infections may then arise due to host multifactorial susceptibility (macrophage and neutrophils dysfunction, impaired host defense owing to abnormalities in surfactant and intra-alveolar accumulations promoting microorganism growth) or secondary to the use of corticosteroids. Because of this, corticosteroids must be avoided as empirical treatment in PAP \[[@bib13]\].

Standard treatment for symptomatic PAP is still WLL \[[@bib29]\], which was first developed in the 1960s. This technique allows removal of lipoproteinaceous material accumulated in the lungs resulting in significant clinical improvement and respiratory insufficiency resolution \[[@bib30],[@bib31]\]. Even though associated with some adverse effects \[[@bib32]\], usually 60% of the patients have a good response within two washes per lung with almost complete recovery \[[@bib3],[@bib13]\]. Long term results have been reported in aPAP after WLL \[[@bib29]\]. WLL associated or not with GM-CSF replacement therapy has shown good results in aPAP \[[@bib31],[@bib33], [@bib34], [@bib35]\]. Nevertheless, prevention of contact with the suspected occupational agent is required to avoid future flares \[[@bib8]\].

4. Conclusion {#sec4}
=============

Our clinical case demonstrates the importance of clinical suspicion in rare lung diseases, such as PAP. Autoimmune PAP triggered by toxic inhalation in professional settings is rare but it has been increasingly noticed \[[@bib2],[@bib24],[@bib25]\]. How occupational exposure triggers the development of aPAP is still unknown and controversial. Although different possible mechanisms have been proposed further investigations are still needed. The case presented here further supports the link between toxic inhalation of dust cement and paints with development of an aPAP.
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[^1]: HBV - Hepatitis B virus; HCV - Hepatitis C virus; HAV- Hepatitis A virus; HIV - Human immunodeficiency virus; ACE - Angiotensin-converting enzyme; SV -- Sedimentation velocity; Hb -- Hemoglobina.
